Welcome to this special issue of The International Journal of Robotics Research (IJRR) featuring papers from the ninth Robotics: Science and Systems Conference (RSS 2013) . RSS 2013 was held in Berlin, Germany, in July 2013 and, in keeping with the precedent set by the previous eight meetings, attracted a diverse range of outstanding papers from across the major disciplines in robotics. In this issue, you will find seven papers carefully selected from the RSS 2013 proceedings. These papers cover topics from semantic language processing and resource constrained communications to planning and optimization in control. These papers address a variety of challenging robotic tasks and showcase recent advances in the field. If you like what you read here then consider following up with the sibling RSS 2013 special issue being published by Autonomous Robots.
In the first paper, Walter, Hemachandra, Homberg, Tellex and Teller examine the integration of natural language information with metric and topological maps to improve mapping performance. The authors describe their mapping approach and the techniques used for exploiting place descriptions and relationships provided by users. The method relies on semantic information provided by the user in order to identify loop closures and maintains a joint estimate over metric and semantic information. The technique can also make use of semantic information for areas of the map that are not currently in view and can even extend to areas of the map not yet visited by the robot. The authors demonstrate the utility of this approach on scenarios featuring increasingly complex interactions between the robot and users.
In contrast to communication between robots and users, Walls and Eustice develop an approach to cooperative localization suitable for use with an unreliable and bandwidth-limited communication channel between a team of robots. In the proposed operating scenario, a single, well-instrumented server vehicle broadcasts navigation information to multiple client vehicles. The pose-graph information received by the clients is shown to allow all of the clients to reconstruct the centralized server-client estimate even in the presence of lost information. The method is demonstrated using deployments of multiple Autonomous Underwater Vehicles (AUVs) and a surface vessel.
Majumdar, Vasudevan, Tobenkin and Tedrake present the first of the special issue papers on optimization in control. They explore feedback control design suitable for under-actuated, non-linear systems subject to constraints such as saturation limits. The method proposes the use of occupation measures to pose the problem as an infinitedimensional linear program that can be approximated in finite dimensions using semi-definite programs. The work is contrasted against more traditional feedback linearization techniques and methods based on Lyapunov's criteria for stability. Validation of the proposed method is provided through a series of examples, demonstrating the application of these techniques on increasingly complex robotics problems.
Hauser describes a two-stage method for generating dynamically feasible robot motions in the presence of contact, such as might be found in legged motion and manipulation tasks. The approach begins by formulating a smooth interpolating path on the contact submanifold between keyframes that obeys kinematic contact constraints. This is followed by an optimization stage that seeks to minimize path execution time while satisfying dynamic constraints. The method is validated using simulations of humanoid robots conducting a number of tasks, including standing, crouching, swaying and ladder climbing.
Schulman, Duan, Ho, Lee, Awwal, Bradlow, Pan, Patil, Goldberg and Abbeel explore the problem of robotic planning amongst obstacles. They pose the problem as one of curvature-constrained trajectory optimization in the presence of obstacles that must be checked for collision. The method bears similarities to the Covariant Hamiltonian Optimization for Motion Planning (CHOMP) algorithm but proposes the use of novel numerical optimization methods and approaches to collision checking. The authors illustrate the efficacy of the approach using extensive simulation of high-dimensional planning problems, including arm-and full-body planning as well as needle-steering tasks. They also validate the work on a PR-2 robot performing grasping and motion planning tasks. They contrast their work against CHOMP and sampling-based motion planners, showing that the proposed planning method compares favorably in terms of computational efficiency and resulting path lengths.
The International Journal of Robotics Research 33(9) Hollinger and Sukhatme explore the use of samplingbased motion planning algorithms that maximize information quality while accounting for limited sampling budgets. They propose a series of Rapidly-exploring Information Gathering algorithms that achieve efficient information gathering in continuous spaces subject to motion constraints. They explore the asymptotic optimality of the algorithm under various information objectives and validate the methods using an Autonomous Surface Vehicle tasked with mapping wireless signal strength in a lake.
Finally, Bai, Hsu and Lee propose a Partially Observable Markov Decision Process approach to robotic planning suitable for continuous-state, continuous-observation problems commonly found in robotics. They introduce the Generalized Policy Graph (GPG) as an alternative policy representation that is able to accommodate continuous inputs coupled to discrete actions. The GPG provides an approximation to an optimal policy and the authors present a thorough analysis of the implications of the approximations they have adopted. They rely on sampling to approximate the underlying continuous state and observation spaces and evaluate a set of actions to construct the underlying graph representation. The method is demonstrated on tasks including linear-quadratic-Gaussian control, intersection navigation subject to sensor noise and a dual-pendulum swing-up task subject to uncertainty in model parameters.
The diversity of this collection of papers pays fitting tribute to the nature of RSS, which continues to bring together contributions from the broad range of robotics science in a remarkable single-track conference. We hope you enjoy this special issue and the insights offered up by the authors of these works. As ever we owe a huge debt of gratitude to the reviewers of both the conference and final journal versions of these papers who have donated their time in providing thorough reviews of the papers. All of the articles presented here have been significantly improved and polished as a result of this invaluable feedback. We must also thank the ever patient Jennet Batten who keeps authors, reviewers and editors in check and on time.
